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STRUCTURAL DETAILS OF TWO INTERMEDIATE FORMS 


Figure 1 


A—Detail of the terminal growth of H.A.* 1 in a heterozygous plant. Note the characteris- 
tic slender petioles and axis of this type. The growth of H.A. 2 (B) is quite distinct. Note in 
this case the buds, branches and foliage. The narrow elongated bracklets are typical. While 
these forms suggest a virus disease, neither cross-budding of plants nor injection of the juice 
of such plants has produced any evidence of viral infection in normal plants. 


*H. A. means “Heritable Abnormality.” 
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HERITABLE ABNORMALITIES IN COTTON 
AND THEIR SEGREGATION RATIOS* 


Homer C. McNAMARA AND Dow D. PortTER 


of aberrant types of upland cotton 

were found in Texas by the senior 
author. Because of the many abnormal 
features observed in each of these types, 
it has been difficult to find appropriate 
names. They have been designated, for 
convenience, as “Heritable Abnormali- 
ties” and have been assigned numbers 
in the order of their discovery. H.A. No. 
7 has been named ‘Accessory Involu- 
cre,” and a detailed report on its herita- 
ble relationships has been prepared by 
Neely and McNamara.f The present 
paper describes Heritable Abnormalities 
1, 2 and 3, and gives data on their mode 
of inheritance. 

The three abnormalities described 
herein were found to be heritable, and 
the segregations observed in progenies 
producing them and in crosses of the ab- 
normal plants themselves indicate that 
they are conditioned by semi-dominant 
genes, which are semi-lethal and sterile 
when the genes in question are homo- 
zygous. The abnormalities have there- 
fore been maintained in the heterozy- 
gous condition. 

The three abnormalities discussed here 
are illustrated in Figures 1 to 3, and 
brief descriptions are given below. De- 
tailed descriptions are on file with the 
American Documentation Institute. 


() «a a period of years a number 


All three of these abnormalities affect sev- 
eral different organs in the heterozygous con- 
dition. When each of the abnormal forms is 
selfed, badly deformed dwarf plants of charac- 
teristic form are produced in the progenies (see 
Figure 2). These, too, are described in detail 
in the supplementary publication. To illustrate 
the remarkable range of malformations condi- 
tioned by these H. A. genes, a brief descrip- 
tion of the heterozygote of H.A. No. 1 is 
presented herewith. 

Heritable Abnormality No. 1 


Description of the Intermediate Form 

Origin: Found in an increase field of Lone 
Star cotton grown at Clarksville, Texas. 

Plants: Slender, medium in height, with 
stalks and branches glabrous or nearly so, usu- 
ally rather strongly pigmented, with red to 
reddish brown striations. Internodes medium 
length. Oil glands present but not large or 
prominent. Fruiting branches very slender, 
with medium-length internodes, heavily pig- 
mented deep red or reddish brown (Figure 

Leaves: Contorted, leathery, upper sides 
showing irregular patch work of fused or 
anastomosing veinlets. Mid-veins and lateral 
veins somewhat enlarged and sinuate. Veins 
usually fasciated near the base of the blade, 
causing the side lobes to bend or curl upward 
or downward. The midlobe is usually extend- 
ed forward, although it occasionally bends 
downward or upward near apex. The leaf 
margins at the junction of the lobes may be 
folded sharply upward or downward. The fu- 
sion of leaf veinlets produces irregular open- 
ings through the blade, unsupported by ribs 
or veinlets, in which the tissue atrophies or 
perishes, producing a filigree of irregular open- 


*Contribution from the Division of Cotton and Other Fiber Crops and Diseases, Bureau 


of Plant Industry, and the Delta Branch of the Mississippi Agricultural Experiment Station. 
The authors are: Late Senior Agronomist, Division of Cotton and Other Fiber Crops and Dis- 
eases, Bureau of Plant Industry, and Superintendent, Delta Branch Station and U. S. Cotton 
Field Station, Stoneville, Mississippi; and Assistant Agronomist, Division of Cotton and Other 
Fiber Crops and Diseases, Bureau of Plant Industry. The late Mr. McNamara had prepared 
separate manuscripts concerning each of the three abnormal types reported herein. The arrange- 
ment of those manuscripts in their present form has been by other members of the Cotton Divi- 
sion. Four pages of detailed morphological description of the three abnormalities are available 
as a supplementary document. To obtain this material, order Document No. 3208 from Ameri- 
can Documentation Institute, 1719 N St, N.W., Washington 6, D. C., remitting $1.00 for 
microfilm or for 6 x 8 inch photocopies. 

tNEELY, J. Winston, and McNamara, Homer C. Mode of inheritance of accessory in- 
volucre and associated characters in upland cotton. Unpublished. 7 
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HOMOZYGOUS DWARF OF THREE TYPES OF HEREDITARY ABNORMALITY 
Figure 2 


These photographs show adult plants—natural size—of the three semi-lethal homozygous 
forms of the three abnormalities described herewith. Normal development of H.A. 1 (A) is 
precluded by terminal bud growth which finds expression in a form of irregular masses of rudi- 
mentary buds and leaves. B shows the development attained by the homozygote of H.A. 2. One 
cotyledon has been removed to show the mass of abortive leaf buds. C shows two adult plants 
of homozygous H.A. 3. These plants attained a height of from six to twelve inches. No normal 
flowers were produced. Since all of these forms were sterile, the gene causing this abnormality 
could only be perpetuated in the heterozygous condition. 
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ings through the blade. Pulvini deep dark red 
with color sometimes extending outward along 
veins for some distance. The fusion of the 
veinlets occurs in patches more or less parallel 
to the leaf veins, although may be present 
anywhere in the leaf, but always most promi- 
nent near the base of the blade (Figure 1A). 


Inheritance of the Abnormalities 


The appearance of the intermediate plants 
of all three abnormalities was suggestive of a 
virus or mosaic disease. Niimerous budding 
trials were made with H.A. No. 1 and H.A. 
No. 2, in which reciprocal buddings with nor- 
mal plants were made. In every case the phe- 
notype of the budded tissue was not — by 
the host plant. Failure to produce the abnormal 
plants also indicated that the condition was 
not due to a virus. 

Difficulties encountered in maintaining these 
mutants were due in part to the difficulty in 
obtaining seed and in part to the low rate of 
germination of seed obtained. The germination 
of seed from normal segregates was no better 
than was the germination of seed from the 
heterozygous abnormal plants themselves. In 
no case was the germination above 57.3 per- 


cent, a figure much below that observed in 
most stocks of cotton grown under similar con- 
ditions. 

Observations on segregation ratios ‘were 
made at Greenville, Texas, and at Stoneville, 
Mississippi.* The heterozygous nature of the 
abnormal plant was established by crosses with 
a normal stock. The progeny of this cross 
gave a 1:1 ratio for intermediate and normal 
plants. Data taken on the progeny of abnormal 
plants from the above type cross and on the 
progenies of heterozygous plants used to main- 
tain the three stocks are presented in Table I. 
In the case of all three abnormalities, some of 
the observed ratios fit a 1:2:1 ratio and some 
do not. On the basis of several years’ observa- 
tions of these stocks in addition to the data 
presented, there seems to be little doubt con- 
cerning the mode of inheritance of the abnor- 
malities. Each is controlled by a single gene 
or by a deficiency or other chromosomal aber- 
ration that behaves as a single gene. 

The interrelationships of the three abnor- 
malities and their linkage relationships with 
marker genes were not studied by the authors. 
Unpublished data of Neely’s* have shown that 
H.A. Nos. 1 and 2 are non-homologous and 


TABLE I.—Phenotypic frequencies observed in the segregating progenies of three types of abnormal-inter- 
: mediate plants grown at Greenville, Texas, and Stoneville, Mississippi. 


Intermediate Semi-lethal H.A. No. 1 
Year i 


Station Normal Abnormal 


Dwarf Total 


Greenville, Texas 123 
Greenville, Texas 147 
Stoneville, Mississippi 267 
Stoneville, Mississippi 105 
Stoneville, Mississippi 335 


977 
Calculated 1:2:1 1023.0 
Deviation 
Heterogeneity 


H.A. No. 2 


Greenville, Texas 
Greenville, Texas 
Greenville, Texas 
Stoneville, Mississippi 
Stoneville, Mississippi 


Nh 


Calculated 1:2:1 
Deviation 
Heterogeneity 


en 


H.A. No. 3 


1937 
1938 
1939 
1938 
1939 


Greenville, Texas 
Greenville, Texas 
Greenville, Texas 
Stoneville, Mississippi 
Stoneville, Mississippi 


Very small 
-20 to .30 
-80 to .90 
Very small 
-20 to .30 


Total 

Calculated 1:2:1 
viation 

Heterogeneity 


= 


Very small 
-02 to .05 


5 — is due Dr. J. Winston Neely for his cooperation and assistance in taking data at 
toneville. 


| 

| 
1937 52 223 2.515 2 .20 to .30 
1938 78 315 2.314 2 530 to .50 
1938 136 536 041 2 ‘95 to .98 
1938 72 243 4.778 2 ‘05 to .10 
1939 189 729 5.478 2 ‘05 to .10 : 
527 2046 15.126 10 
511.5 2046 
4.358 2 .10 to .20 
10.768 8 120 to .30 
90 132 60 282 7.532 to .05 
1938 187 78 323 ‘50 to .70 
1939 22 59 16 97 5.289 105 to .10 ia 
1938 2 4 2 8 1.00 
1939 10 22 7 39 1.103 .50 to .70 
Total 212 374 163 749 14.794 = 
Te 187.25 374.50 187.25 749 
6.413 01 to .02 
8.381 130 to .50 
175 253 128 556 12.443 
: 63 131 80 274 2.636 
is 249 474 238 961 428 
i- 153 253 175 581 11.348 
a“ 233 408 219 860 2.707 
ts 873 1519 840 3232 29.562 rT | 
al 808 1616 808 3232 
12.318 
y 7244 


HETEROZYGOUS HEREDITARY ABNORMAL PLANTS 
Figure 3 


Adult plants of the three heterozygous abnormal types showing characteristic differences in 
growth habit. H.A. 1 (A) is characterized by light foliation on the upper wr spreading 
growth and marked absence of bolls. B—shows a plant of H.A. 2; and C of H.A. 3. Wide 
spacing has induced excessive lateral branching. 
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that H.A. Nos. 1 and 3 are inherited inde- 
pendently of red plant color and okra leaf 


shape. 
Discussion and Summary 


Three new abnormalities in upland cotton 
are described. Each of these is unusual in that 
the homozygous abnormal is sterile and the 
heterozygote is visibly affected in many ways 
by what is apparently a single gene. It is 
thought that these abnormalities offer unusual 
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possibilities for studying gene action. One 
point of considerable interest brought out in 
the present study is the apparent depressing 
effect on germination of seeds harvested from 
normal plants which were derived from the 
abnormal heterozygote. No explanation ‘of 
this phenomenon is offered. 

Previously unpublished data are cited to 
show that H.A. Nos. 1 and 2, phenotypically 
similar in certain respects, are non-homolog- 
ous, and that H.A. Nos. 1 and 3 are independ- 
ent of red plant color and okra leaf shape. 


*Unpublished data on file at the U. S. Cotton Field Station, Stoneville, Mississippi, cited 


by permission. 


A POSSIBLE EARLY EIGHTEENTH CENTURY 
RECORD OF INTROGRESSION IN OAKS 


CoNWAY ZIRKLE 


HE word “possible” in the title is due to 

an ambiguity in the record which lies in 
the use of the word “bastard”. Inasmuch as we 
are apt to find this term in many of the works 
we would naturally search for early descrip- 
tions of hybridization and also find it in most 
of the primary sources for the general history 
of genetics, it might be convenient for us to 
record and date its various pertinent mean- 
ings. When a plant or animal is labeled a 
“bastard” it is obviously necessary for us to 
know whether it was considered to be a hy- 
brid or whether it was merely unpopular. 

A new English dictionary on historical prin- 
ciples (The Oxford Dictionary) is clearly the 
first authority for us to consult. In_ this 
dictionary more than a page is devoted to the 
meanings of the word “bastard”, and to the 
meaning of its various derivatives. To quote, 
“The word ‘bastard’ is derived from ‘bast’, a 
pack saddle used as a bed by muleteers in the 
inns, A bastard was a ‘pack saddle child’ as 
contrasted with a child of the marriage bed.” 
Its father was (figuratively) a traveling mule- 
teer and its mother (also figuratively) some 
broad minded scullery- or chambermaid. There 
was evidently a great need for the word, for 
its use spread quickly and it is now found in 
both the Romantic and Germanic languages. 
We are concerned here, however, only with 
its meanings in botany and zoology. The defi- 
nitions with examples, printed here in quota- 
tion marks, are taken from the Oxford Dic- 
tionary. 

“IT [noun]: 3. A mongrel, an animal or in- 
ferior breed. 

1601. Holland (Pliny I: 191) The lesser 
sort of [elephants] which they call Bastards: 
1602. Ret. fr. Parnass II:V :30. Small Ladies 
puppies, Caches and Bastards.” 


We are very fortunate in the fact that the 
earliest examples in all three of the relevant 
definitions we use are translations and thus 
we can easily consult the originals and identify 
the words which are rendered “bastard”. The 
sentence of Philemon Holland which is quoted 
above is a translation from Pliny (Bk. VIII, 
Chapter 1, last sentence), which reads in the 
original— 

Indis arant minores, quos appelant nothos. 

The word “nothos” means illegitimate, born 
out of wedlock, false, counterfeit. Columella, 
however, uses it to describe a chicken whose 
parents were of different races. (8:2:13). 

“II [adjective]. 2. Mongrel, hybrid, of in- 
ferior breed. 

1398. Trevisa (Barth. De P. R. XVIII: 
Ixxxiii) The perde . . . gendreth wyth the 
lyennesse: of that bastarde generacion comith 
leoperdus. 1607. Topsell Four f. Beasts 161. 
The lesser Elephants (which they call bastard 
Elephants). 1641. Hinde F. Bruen vii:27. To 
beget and bring forth mules, a bastard brood.” 

Bartholomew the Englishman (Bartholo- 
maeus Anglicus) wrote De Proprietatibus 
Rerum about 1230. John Trevisa’s transla- 
tions, All the proprytees of thynges, made in 
1398 was first printed in Westminster in 1495. 
In this edition the sentence reads: 

& is lecherous and gendréth wt the lyen- 
nesse: Of ye bastarde generacion comyth 
leopd®. 

Bartholomew himself wrote (Bk XVIII: 
Ixxxi. Ed. of 1485): 

Est ait aial libidinosum: & coit ci leena ex 
cuius adulterio generat leopardus. 

Here it is clear that the word “generation” 
does not have the meaning it usually has in 
genetics, such as a parental or filial genera- 
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tion, but refers to the act of engendering. The 
fact that a hybrid might be produced by such 
a bastardly act was only coincidental. The 
second example cited from Wm. Topsell’s 
- Four footed beasts is obviously derived from 
Pliny. In the third, from William Hinde’s 
The singular life of John Bruen esquire, bas- 
tard may mean hybrid but, on the other hand, 
it could indicate only that Hinde thought that 
mules deserved an invective. 

“TI. 5. An inferior or less proper kind. 

b. esp. in Bot. often forming the specific 
name of a plant. 

1578. Lyte Dodoens 42. Of the false and 
Bastard Rewbarbes, there are at ye least foure 
or five kinds. 1671. Salmon Syn. Med. III: 
22: 432. Sison, bastard Stone-parsley. 1779. 
Forrest, Voy. N. Guinea. A grove of bastard 
pine trees, called by Malays, Arrow.” 

There is no doubt of the meaning of ‘“‘bas- 
tard” as illustrated by the above. More exam- 
ples could be cited almost indefinitely. A very 
cursory dip into the 1633 edition of Gerard’s 
Herbal reveals the following: 


Tode-flax 

St. John’s Wort. 
= Dwarf Box 

Cyperus 
Cyperus 
Cyperus 


Bastard 


Long 
Round 


There are certain passages, however, in 
seventeenth and eighteenth century botanical 
literature which, taken alone, are ambiguous, 
especially when the bastard plant is heterozy- 
gous and is segregating. Thus, Robert Shar- 
rock in The History of the Propagation and 
Improvement of Vegetables (1660) states, 
“The two lesser Spanish bastard Daffodills... 
give Seed from which springs much varietye, 
few or none keeping either colour or height 
with their mother plant.” The whole passage, 
however, shows that Sharrock had no idea of 
plant hybridization. 

William Salmon in Botanologia; the Eng- 
lish Herball (1710) often uses “bastard” in 
the sense indicated in this definition and, as 
this work was published only four years be- 
fore our questionable description of introgres- 
sion, it might be well to list the bastard plants 
as they appear in the index. 


Bastard Agrimonoides 
Bawn 
Saffron 
Chickweed 
Toad-Flax 
Hellebore 
or wild Hemp 


Poppy 
Wild Garden Rocket 


Salmon even gives the term an almost sub- 
generic rank when several species of a genus 
are labeled bastard. For example, 


Bastard Daffodils—5 kinds 


of Heredity 


Bastard Dittany—2 kinds 
Harts Tongue or Mule Fern 
—3 kinds 
Garden Succory—2 kinds 
Tulips—13 kinds 


It is interesting to note here that the mule 
ferns are labeled bastards. This could easily 
lead to a misunderstanding for just seven years 
later, in 1717, Fairchild’s famous mule, a sterile 
hybrid between a carnation and a sweet wil- 
liam was described and, from this time on for 
a hundred years, plant hybrids were commonly 
called ‘mule plants.” 

The evidence cited thus far indicates that, 
in the animal kingdom, the term “bastard” 
might mean hybrid but that hybridity was only 
a special case of the more general bastardy. 
In the plant kingdom a bastard was only an 
inferior or an unpopular species. There is one 
unambiguous eighteenth century record, how- 
ever, of the term being applied technically to 
a hybrid. The record was published in the 
Gentleman’s Magazine in 1755 (25:407-408) 
in a letter to the editor signed “J. C.” The 
letter may well have been written by John 
Clayton of Virginia for the editor describes 
the writer as a “celebrated botanist of North 
America.” J. C. was arguing for the sexuality 
of plants. The passage follows: 


“Then as to the specimens I sent you of the 
bastard quarnoclif [Jpomeo Quamoclit] and 
other bastard or mule plants, is there not all 
the reason in the world from thence, and a 
multitude of other irregular vegetable impreg- 
nations, well known to all botanists and to 
some gardeners, to conclude that the same law 
is established in the main. . .” 

We arrive at last and somewhat anticlimac- 
tically to our possible record of introgression 
in oaks. It is found in the History of Caro- 
lina, containing the exact description and natu- 
ral history of that country written by John 
Lawson and published in London in 1714. The 
following quotation is taken from page 92 
(page 155 in the 1860 reprint issued in 
Raleigh). 

“We have Red Oak, sometimes in good 
Land, very large, and lofty. ’Tis a porous 
Wood, and used to rive into Rails for Fences. 
’Tis not very durable; yet some use this, as 
well as the two former, for Pipe and Barrel- 
Staves. It makes good Clapboards. 

Spanish Oak is free to rive, bears a whitish 
smooth Bark; and rives very well into Clap- 
boards. It is accounted durable, therefore 
some use to build Vessels with it for the Sea; 
it proving well durable. These all bear good 
Mast for the Swine. 

Bastard-Spanish is an oak betwixt the Span- 
ish and the red oak: the chief use is for fenc- 
ing and clap boards. It bears good acorns.” 

Here, of course, bastard may be only a 
derogatory epithet but if the actual relation- 
ships of the oaks were realized by Lawson 
the quotation might be a record of a plant 
hybrid antedating by two years Cotton Math- 


Zirkle: Introgression in Oaks 


er’s 1716 description of a spontaneous variety 
cross in Zea Mays. Cotton Mather’s is still 
our earliest authentic description of plant hy- 
bridization. In spite of the popular names for 
the oaks used by Lawson, however, there is 
little doubt but that he was really describing 
the actual results of introgression, although 
he may well have been unaware of the fact. 
Unfortunately, when we translate Spanish 
oak and red oak into taxonomic language we 
run into a bit of confused synonomy. The 
writer is indebted to Prof. John M. Fogg, Jr., 
for the translation. Spanish oak is taken to 
be Quercus falcata, Michx. This is a southern 
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coastal plain species. The red oak is Q. rubra 
L., a species which is widely distributed in 
the southern Appalachians and which extends 
into the coastal plain. There are numerous 
intermediate forms which supposedly are the 
bastard Spanish oaks of Lawson. Indeed the 
relationship of Q. falcata and Q. rubra are 
such that Wm. Trelease in The American 
Oaks (1924) considers them a single species 
and reduces falcata to a form of rubra. 

It is highly desirable that we discover ex- 
actly what the eighteenth century American 
Colonials meant when they called a plant a 
bastard. 


OBESE, A NEW MUTATION IN THE HOUSE MOUSE* 


ANN M. INGALLS, MARGARET M. Dickie AND G. D. SNELL 
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 


THE FAT MOUSE GROWS UP 
Figure 4 
A—shows normal control and an obese mouse at 21 days of age. The former weighed 12 


grams; the latter 16. B shows a normal and obese mouse at ten months of age, when the obese 
mouse weighed 90 grams and the normal mouse 29 grams. 


BESITY, other than that occurring in 
yellow mice, is relatively rare in mice. 
The obese yellow animals attain weights up 
to 75 or 80 grams but the average weight is 


around 60 grams and then there is a decrease 


in weight as age increases.t In the summer of 
1949 some very plump young mice were found 
in the V stock.f Others occurred shortly after 


*This work has been aided by grants to the Roscoe B. Jackson Memorial Laboratory from 
the Commonwealth Fund, Anna Fuller Fund, Jane Coffin Childs Memorial Fund for Medical 
Research and the National Advisory Cancer Council. 

+Dicxiz, M. M., and G. W. Woottey. Jour. Hered. 37 :365-368. 1946. 

tV stock of Jackson Laboratory mice (Mus musculus) carries genes aa [nln ss wa-Iwa-l vv. 
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WEIGHT CURVES OF NORMAL, OBESE 
AND YELLOW MICE 


Figure 5 


A traces the growth of two normal and 


two obese littermates from birth (March 9, 


B 


Ace in Montus 


op SER EE EP ESE Ste 


1950) to about four months of age. For the first six weeks of life the two types cannot be 
distinguished. B compares growth of obese, yellow and normal mice, for the first nine months. 
Yellow is another gene which causes obesity but to a lesser extent than obese. 


that among offspring of these V stock animals 
that had been outcrossed to the fuzzy sock. 


Description of Character 


Obese animals are first recognizable about 
four to six weeks of age (Figure 4). At that 
time they appear to have a slightly shorter 
body, are rather square and have expansive 
hind quarters. From that time on, they in- 
crease in weight rapidly, so by three months 
of age they weigh about twice as much as their 
non-obese litter-mates. The weight of the 
obese continues to increase, though not as rap- 
idly as it did up to three months of age. At 
the present time there are two animals ten 
months of age that weigh 90 and 75 grams 
(Figure 5B). They are still gaining. Figure 54 
is a graph of weights of two obese and their 
non-obese sibs from birth to four months of 
age. The graph in Figure 5B shows the com- 
parison of obese, fat yellows and normal ani- 


mals. 
As yet, we do not know the life span of 


the obese, but none have died up to 12 months 
of age. 


Breeding Data 


Obese animals, themselves, are sterile. Data 
obtained on offspring of heterozygotes show 
that out of 212 animals, 43 were obese. This 
approximates the 3 to 1 ratio expected for a 
recessive gene, with a slight deficiency of 
obese. It is suggested ig this gene be desig- 
nated by the symbol ob 


A new mutation called obese and designated 
by the symbol ob, occurred in the V stock at 
this laboratory in the summer of 1949. Obese 
animals increase rapidly in weight until they 
are about four times the weight of normal ani- 
mals. This recessive gene causes sterility in 
the homozygote, but as yet, there seems to be 
no indication of any affect on the life span of 
the animals. 
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“WOBBLES”—AN HEREDITARY DISEASE 
IN HORSES* 


W. W. Dimock 
Kentucky Agricultural Experiment Station 


animal diseases since the day of Pas- 

teur, and particularly during the past 
fifty years, has brought out and well 
established the fact that the micro- 
biologist and pathologist must know at 
least some of the possibilities and ele- 
mentary features of nutritional, biochem- 
ical, and hereditary conditions that 
cause abnormalities in our domestic 
animals. Previous investigations? on 
equine incoordination have, to some de- 
gree, included a consideration of many 
of the possible causations. The con- 


sin and research in 


vincing evidence reported here, definite- 
ly shows the hereditary nature of this 
disease. 

All attempts to find a cause other 


than hereditary have resulted in negative 
findings. These investigations are given 
in detail in the Kentucky Agricultural 
Experiment Station Bulletin 553.1 Fur- 
ther, kinships presented here show the 
occurrence of the disease in six families 
for three and four generations. There 
are no earlier records available for study 
of the occurrence of incoordination. 
This material is presented as a basis for 
further study, research, and interpreta- 
tion by geneticists. 


Description 


For many years it has been known that 
some young horses between three months and 
three years of age develop a peculiar type of 
gait which is clinically typical of an ataxic 
incoordination. The incoordination is always 
bilateral and observed first in the hind legs. 
In some cases, the fore legs may become af- 
fected; in others no irregularily in the fore 
legs becomes evident. In still others it is 
difficult to tell whether the occasional slight 
irregularity in movement and placing of the 


fore legs is due to the disease or to a forced 
leg movement to balance the body which sways 
and dips because of the pronounced incoordina- 
tion of the hind quarters. 

From the clinical symptoms, the condition 
was recognized fifty years ago’* as distinct 
from all other forms of lameness in which 
some disturbance of leg movement, irregular- 
ity in gait, or incomplete paraplegia, was more 
or less characteristic. In equine incoordina- 
tion, known commonly in the United States 
as “wobbles,” the incoordination is, from the 
first, strictly bilateral. In the early reports 
on irregularity in gait, it was recognized from 
differential diagnostic studies. as a distinct 
type of lameness which was then, and is still 
today, often attributed to injury. The reason 
for this belief is that symptoms of incoordina- 
tion might develop from severe injury to the 
back and loin, from abscess on the cord, and 
from fracture of a vertebra. 

It is therefore quite natural that from the 
earliest record of cases to date, injury has 
been considered as a very probable cause of 
the disease, and by many as‘the sole cause. 
One logical basis for this belief is the fact 
that colts of either sex, following a fall or a 
struggle to get up in the stall, may suddenly 
show recognized symptoms of incoordination. 
These colts, however, are actually in the pre- 
clinical or unobserved, slight-symptom stage 
of the disease. A study of “wobbles” has 
shown that many colts developing the disease 
will have a slight incoordination in the hind 
legs long before clinical symptoms are usually 
cbserved. Too many early cases have been 
followed through to the time of pronounced 
symptoms to leave any doubt as to the manner 
in which the disease develops. It is now well 
established that colts fall in the field, collide 
with a post, or have difficulty getting up in 
the stall because lesions in the cord and ver- 
tebrae are already well developed even though 
clinical symptoms have not been observed pre- 
vious to the injury or strain. 

Therefore, injury only accentuates and re- 
veals a latent condition. Fractures of the 
vertebrae are found only in cases of severe 
injury. Abscess of the cord is rarely found 
on autopsy; and in 85 percent of the cases 
no evidence of gross lesions sufficient to ac- 


*The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the director. 
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“WOBBLER” PEDIGREES 
Figure 7 


A—The wobblers recorded in generation IV appeared about 1938. This family traces to 
the same common tail-male ancestor living about 1880 as that shown in Figure 6B. 

B—The families shown in B, C and in Figure 6A trace to their first common tail-male 
ancestor about 1810. The wobblers shown in generation III appeared about 1925, and those in 
generation IV about 1933. Stallion B-II-3 may also have had wobblers in generation II, but 
he did not stand in this country; his son, stallion III-1, was imported. Another prominent 
branch of this family, in this country since about 1935, has no wobblers of record. 

C—Stallion III-4 was in service from about 1910 to 1935. Wobbler V-2, during his few 
years in the stud (around 1945), produced normal progeny so far as is known. 

D—This family shows a relatively high incidence of defective individuals. The wobblers 
produced in generation III appeared about 1930. However, four sons of II-3 and one grandson 
accounted for 9 of the 17 known wobblers in the family. Stallion II-4 and II-3 are full brothers. 
Wobbler III-6, a son of II-4, is the only case of record where a wobbler sired a wobbler. 
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count for the symptoms of incoordination is 
found on autopsy. Moreover, autopsies on 
the suddenly developing cases with typical 
symptoms reveal lesions in the cord, and bone 
lesions in the vertebrae. These could not have 
developed over night, but rather have been 
weeks and months developing. 

In our transmission trials the disease was 
not found to be due to infection, nor was it 
transmissable by direct use of spinal fluid, 
mascerated cord, or whole blood. It was not 
transmitted by contact nor by association. 
A nutritional deficiency as a cause seems 
most unlikely since in almost every case the 
colts were well fed, and were raised in an 
area where all the feed which horses are 
known to need was supplied in abundance. 
In addition, since only one or two cases oc- 
curred in the same age-group on the same 
farm, among 20 to 60 others that were well 
and healthy, it would seem to eliminate, or 
at least limit to a remote possibility, a nutri- 
tional cause. 


Occurrence 


Our observation and study of the 
disease covered a period of twenty-five 
years, in which time 191 cases came to 
our attention. Most of these (164) were 
Thoroughbreds. As time passed it be- 
came apparent that there was rather 
consistent occurrence of cases of in- 
coordination in certain families of 
Thoroughbreds. It therefore seemed 
worthwhile to review the familial rela- 
tionship of the 125 cases that had been 
presented for autopsy and the 39 cases 
observed in the field. For various rea- 
sons, in some of the cases recorded, 
the name of the sire and dam was not 
obtained. However, an analysis of 121 
Thoroughbred cases in which the breed- 
ing was known, revealed that colts de- 
veloping “wobbles” were frequently by 
the same or closely related sires— 
brothers, half-brothers, and sons. Colts 
that developed “wobbles” and were by 
the same sire and of the same age, some- 
times were raised on the same farm, 
sometimes on widely scattered farms, 


and sometimes in other areas and states. ~ 


Of the various Thoroughbred lines 
and families tracing to the three original 
foundation sires of the breed, 43 per- 
cent of the wobblers appeared in one 
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line, and 1 to 14 percent appeared in 
various other lines. The charts, how- 
ever, show the occurrence of wobblers 
only in certain families within these 
lines. It was found that the incidence 
of the disease was slightly above three 
males to one female. 


Sire Relationship 


The pedigrees recorded in this study show 
the tail-male relationship for those stallions 
which sired wobblers. No detailed study of 
the role of the female in the transmission 
of this disease has been made, but there is 
evidence to indicate that females as well as 
males are carriers of the hereditary factor. 
Some mares have produced two and three 
wobblers (one mare produced three in suc- 
cessive years). if the occurrence of an ataxic 
bilateral incoordination in young horses is 
hereditary, as the evidence shows, it must be 
of a recessive nature and therefore must come 
from both the sire and the dam. 


In spite of the fact that the stallions with 
the highest incidence of wobbler production 
are very closely related, there are others, not 
closely related to these stallions nor to each 
other, that have also produced colts develop- 
ing the disease. Furthermore, “wobbles” is 
not a disease of any one breed of horse, but 
is a condition that may develop in any horse, 
registered, non-registered, or of mixed breed- 
ing. 

Figures 6 and 7 show the male descent of 
various families that have produced offspring 
developing “wobbles.” Many normal horses 
(not numbered, nor represented by the dots) 
have been or are in service in many different 
states. It has not been possible to ascertain 
how many, if any, have produced wobblers. 
However, it is well known that the occurrence 
of “wobbles” in young horses of the light 
breeds is not confined to this state. 

The pedigrees represent a period of time 
from about 1900 to 1950. Colts developing 
“wobbles” are recorded in all pedigrees begin- 
ning about 1925 when our records first began. 
There were undoubtedly wobblers in these 
families prior to 1925, but the diagnosis and 
their pedigrees are not in our records. Pre- 
vious to 1925, irregularity in gait in the form 
of bilateral incoordination of the hind legs 
was not called “wobbles.” Injury was quite 
generally accepted as the cause of the in- 


coordination and cases were treated by the 


application of liniments and blisters over the 
loin. 

With one exception (Figure 7D), it will be 
seen that the disease occurs in successive 
generations though it was not transmitted by 
defective individuals. Of four young horses 
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known to have “wobbles” and to have been 
used for breeding, one sired one colt that 
developed the disease (wobbler III-6, Figure 
7D; one (wobbler III-0, Figure 6B) was bred 
in 1949 to two mares that have just had 
foals; and two (wobbler V-2, Figure 7C, and 
a stallion used in our experimental work and 
designated here as a test sire) sired colts that 
are normal so far as is known. This test 
sire was mated with a wobbler mare and also 
with a normal mare that had produced a 
wobbler. The offspring in each case was 
normal. Wobblers III-6, (Figure 7D); V-2 
(Figure 7C) and III-0 (Figure 6B) were re- 
tained by their owners for stud service because 
of their breeding and individuality. All but 
wobbler III-0, Figure 6B) are now dead and 
the over-all number of foals produced by them 
is very small. It is not advisable to use wob- 
blers for stud service, first because they might 
transmit the disease, and second because in 
the majority of cases the incoordination is so 
extreme the stallion is unable to perform as 
a sire. 

Several stallions—among them III-5, (Fig- 
ure 7C) ; II-3 (Figure 7D) ; and III-4, (Fig- 
ure 64)—were in service for twenty to twenty- 
five years and did not produce any wobblers of 
record, but some of the sons and grandsons 
of these stallions did produce wobblers. It 
will be observed in several of the pedigrees 
that various stallions that sired wobblers had 
sons which also sired wobblers. 


Discussion 


The evidence presented herewith sug- 
gests the recessive nature of the defect. 


323 


That it cannot be interpreted as a simple 
recessive, however, is revealed by the 
fact that the one experimental mating 
of wobbler with wobbler produced a 
normal rather than a wobbler colt. An- 
other fact that throws some question 
upon its being a simple recessive is the 
disproportionate incidence in the two 
sexes (about three times as many male 
wobblers as female.) The complete 
genetic interpretation must await fur- 
ther observation and research. 

Selective breeding by phenotypic selection 


has reduced the incidence of many heritable “ 


defects in other animals, but the methods used 
so successfully with them have certain prac- 
tical limitations in horse breeding. In our 
observation the disease, unfortunately, occurs 
with highest incidence in certain families that 
have already demonstrated superiority in per- 
formance. It is therefore not likely that 
prominent individuals that transmit the disease 
will be weeded out, particularly since the non- 
wobbler is the transmitter and both sexes are 
involved. 
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SIC TRANSIT DROSOPHILA 


Behold, the ubiquitous orange stuff, 
breeding on goo that is pasty, 

sucking its N and its C, H, O 

from a minimal dinner so tasty, 
basking in comfy warm test tubes, 
sterile and sated with food, 

waiting for some white-gowned monster 
his jostling toil to conclude. 

These are the ready-made chromosomes 
now in the vogue. And Drosophila, 
dear littel pets, my beloved, 

must cringe to this nasty Neurospora! 
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Hershey, Pennsylvania 
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NORMAL AND REVERSE VARIEGATION IN POINSETTIA 
Figure 8 


A—shows a reversed type of variegation (except a small area of the lower left margin). In 
most of the left epidermis, the internal tissue at the margin of the leaf and the palisade layer 
under the upper epidermis, and a layer of the spongy tissue next to the lower epidermis, are nor- 
mal. The internal spongy tissues in the pale central area lacks normal chloroplasts, giving a pale 
green color. The dense green tissue at the margin as well as the entire epidermis, are derived 
from the L-I layer.. The tissue derived from the original L-III, containing normal chloroplasts, 
is almost entirely eliminated, being replaced by chloroplast-deficient tissue derived from L-II. 

B—is a leaf entirely of normal green color occasionally found on the variegated plants. It 
is wholly derived from L-I which in this plant is normal for green color. 

C—shows a typical variegated leaf which is caused by a cytoplasmic mutation affecting the 
intermediate (L-II) cell layer of the leaf primordium. In this leaf the epidermis and the inner 
green region are developed from unaffected L-I and L-III, respectively. 
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PATTERN REVERSAL IN VARIEGATED 
PLANTS 


An Explanation of Reversal in Coloration in the Histogenic 
Type of Variegation 


HaiGc DERMEN 
Bureau of Plant Industry, Beltsville, Maryland 


type of variegation in a number 

of plants was discussed in a previ- 
ous publication’. It was pointed out that 
the lack of color on the marginal portion 
of the variegated leaves of certain di- 
cotyledons, such as poinsettia (Euph- 
orbia pulcherrima), is the result of in- 
hibition of normal chloroplast develop- 


| \HE histogenic nature of a certain 


ment. This is caused by a mutation — 


which has affected only cells of the sec- 
ond layer (L-II)* of the apical meri- 
stem of the shoot, and results in a mar- 
ginal colorless area in the leaf. This area 
is related ontogenetically to L-II. It 
was assumed that the amount of mar- 
ginal colorless tissue depends on the 
amount of tissue formation from L-II. 
The amount of central green tissue, 
which develops from the third layer (L- 
III), appears to be limited by the 
amount of tissue (the colorless area) 
developed from L-II. 


Generally, all three meristematic layers 
(L-I, L-I] and L-III) participate in the de- 
velopment of the leaf?.3. Occasionally, how- 
ever, and apparently at random, the entire in- 
ternal tissue of a leaf or of a whole branch 
may be developed from L-II. When this oc- 
curs, the leaves which have such an origin are 
colorless on some branches!. This is attributed 
to the fact that at times, by a process of peri- 
clinal division in cells of L-II, a daughter lay- 
er of cells from L-II replaces L-III at the 
time of or before the initiation of leaf develop- 
ment. L-II is occasionally replaced by a layer 
derived from L-I, sometimes the entire leaf 
being developed from the latter. In such cases 
the leaves of a variegated plant develop with 
an entirely normal green color. More often, 
however, limited areas develop internally from 
L-I and result in patches of normal green col- 
oration on otherwise typically variegated or 
colorless leaves (Figure 9). 


An illustration in the article referred tol, 
showed a poinsettia leaf (Euphorbia pulcher- 
rima), of which one side had a margin nor- 
mal green in color. In the center of the leaf 
an area of lighter green extended part way 
from the midrib to the margin of the leaf. In 
another illustration a grape (Vitis euvitis) 
leaf was shown which had a normal green 
margin and a pale green center. The pale 
green areas of these leaves were comparable 
to the pattern of the dull green areas in typi- 
cally variegated leaves of these plants. 

More recently better examples of the phe- 
nomenon described in the earlier article were 
obtained. These are presented here (Figures 8 
and 9) to illustrate some details of variegation 
which were not so adequately illustrated in the 
previous publication. 


Variegation in Poinsettia 


In Figure 8 the lower leaf (C) is typically 
variegated with a colorless margin and with 
dark and light areas in the rest of the leaf. In 
the dark colored areas, chlorophyll is lacking 
in the upper surface of the leaf in only the pali- 
sade layer. Light-colored areas indicate deep- 
er-lying chlorophyll-bearing cells, separated 
from the epidermis by both a colorless palisade 
and a spongy tissue layer. 

Figure 84 presents a situation basically the 
reverse of that found in the variegated leaf in 
Figure 8C. Only a small portion near the peti- 
ole on the left shows typical variegation. The 
entire margin is dark-colored, with the cen- 
tral portion of the leaf a lighter green. 

Some leaves showed complete reversal of 
pattern, but the contrast was not well enough 
defined to show well in a photograph. The 
leaf in Figure 84 having only a small portion 
with normal variegation, but with better con- 
trast, was chosen for the illustration. Leaves 
of the reversed variegated type are very sel- 
dom found. The change from the typically 
variegated to the entirely colorless condition 
appears to occur more often than it does to 
entirely green leaves, (see Figure 8B). When 
a reversal of typical variegation to any type 
of color occurs, such a change may be carried 
into the branches by inducing lateral branch- 


*For a discussion of the three histogenic layers of the bud meristem (L-I, L-II and L-III), 
see the author’s article in the August 1948 JourNAL oF Herepiry. A detailed discussion of their 
crigin is given, illustrated with photomicrographs. 
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ing. The reversed color shown in Figure 84 is 
due to the presence of normal chloroplasts in 
all of the cells of the dark marginal portion 
of the leaf. Whereas in the lighter portion the 
chloroplasts are confined to the palisade layer, 
and to a layer of cells of the spongy tissue 
next to the lower epidermis. Between these 
two layers the spongy tissue in the light-col- 
ored area does not bear normal chloroplasts. 


These show varying 


Leaves P-T are of the reversed type variegation. Variegation is similar to that of the 


Variegation in Privet 


The change-over in variegation described 
above, was also found in privet (Ligust- 
rum vulgare). Since this is a fast-growing, 
much-branched hardy shrub the population 
available for observation was greater than 
was that of greenhouse grown shrubs. Hence 
more changes were observed in privet, where 
four types of branches were found: (a) 
branches with typically variegated leaves hav- 
ing marginal areas either colorless or pale 
yellow and with central dull green areas (Fig- 
ure 94-D); (b) branches with colorless 
leaves (Figure 9/); (c) branches with mar- 
ginally dark green and centrally light green 
leaves (Figure 9P-T); and (d)_ branches 
with normal green leaves (Figure 9U). Nor- 
mal green patches of varying size occur on 
leaves of a and b-type branches (Figure 
9E-H,J-O). The c-type leaves with dark green 
margin and light green center appears to be 
rare. The contrast in coior here is the same 
as in the poinsettia (Figure 8). 

All internal cells in the marginal dark area 
contain normal chloroplasts. Throughout such 
leaves, normal chloroplasts are also present in 
the cells of the palisade layer and in a layer 
of cells of the spongy tissue next to the epider- 
mis. On the whole, however, in the more cen- 
trally located area of such leaves the other 
internal cells of the spongy tissue lack normal 
chloroplasts. Portions of the leaves where lay- 
ers of cells under the palisade layer or next to 
the lowermost layer of cells of the spongy tis- 
sue also contain normal chloroplasts. The 
green color is denser than where only the 
palisade layer and the one lowermost spongy 
layer contain chloroplasts. In response to nu- 
trition and illumination the abnormal chloro- 
plasts may develop considerable chlorophyll 
and make the contrast between the two zones 
obscure. 


Leaves E-H show normal dense, 


Figure 9 


J—is an entirely colorless leaf, wherein the central green of the typical variegated leaf 
Leaves J-O were found on the branches bearing colorless leaves. 


NORMAL AND REVERSE VARIEGATION IN PRIVET 


ypical variegated type with varying patterns of internal green tissue. 


green tissues derived from the epidermal L-I layer. 
is replaced by colorless tissue derived from L-II. 
amounts of normal green tissue derived from L-I. 


Discussion 


The types of variegation and the 
changes in pattern here described appear 
to be of a histogenetic origin confined to 
one of the histogenic layers and to the 
tissue derived from a particular layer. 
Such an interpretation is based on earli- 
er cytohistological observations”:*. This 
class of variegation should not be con- 
fused with the conventional variegation 
due to genetic or virus origin. In the 


The first leaves (A-D) are of t 
poinsettia shown in Figure 8-A. Leaf U is normal green derived entirely from L-I. 
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conventional genetic type, the variega- 
tion character may be present in all cells 
of the plant and is variously transmitted 
to the offspring. In the virus type, the 
“symptom of variegation is usually trans- 
mitted by infection. The histogenetic 
variegation occurs somatically during 
the growth of the plant. It is caused by 
mutations which occur in the apical 
meristem of the growing point and af- 
fects only one of the meristematic lay- 
ers. Its effect is localized only in the 
tissue system originating from the af- 
fected layer. Since other meristematic 
layers remain unaffected by the muta- 
tion, the tissues developed from them 
are normal. In the particular type of 
variegation described here, the entire 
plastid system is affected, and chloro- 
plasts are not developed normally in 
the cells of the affected tissue. This re- 
sults in complete or partial suppression 
of green color in a given tissue system. 
In contrast to other types of variega- 
tion, those described here can be main- 
tained by grafting or rooting, just as 
any somatic mutation can be.* 

In typical variegated leaves, with 
colorless margins and dull green cen- 
ters, the entire epidermis developed 
from L-I is genetically unaffected, and 
normal chloroplasts are found in the 
guard cells. The chlorophyll in the 
guard cells is not sufficient to make 
this tissue appear green, and the varie- 
gated leaves therefore show colorless 
areas. In the whole variegated leaf, the 
cells of the palisade layer, and some- 
times one or more layers of the cells of 
the spongy tissue beneath it, and at 
least one layer of cells of the spongy 
tissue next to the lower epidermis, lack 
normal chloroplasts. Thus, when a leaf 
variegation is due to a mutation in L-II, 


*This was also indicated from the data ob- 
tained from the breeding of a variegated to- 
bacco plant.4 
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the epidermis is always separated from 
the inner region by one or more layers 
of cells lacking in normal chloroplasts, 
The dull coloration in the central area 
of the leaf is generally due to having a 
colorless palisade layer over an inner 
region where the cells contain normal, 
fully green chloroplasts. The lighter 
coloration in some areas in the center 
of the leaf is due to the lack of normal 
chlorplasts in the layers of cells of the 
spongy tissue under the colorless _pali- 
sade layer. The remaining tissues of the 
leaf in the central area are derived from 
L-III. Both L-I and L-III are un- 
affected by the mutation, and contain 
normal chloroplasts. 

It was pointed out that islands of internal 
tissue are sometimes developed from L-I. 
When this occurs, the tissues in such an area 
show sharply delimited patches of normal 
green. The amount of tissue formed from 
L-II is extremely variable, and this accounts 
for the different extent of colorless tissue 
found in leaves of a single plant. All the in- 
ner tissues are often developed from L-II, 
which results in entirely colorless leaves, ex- 
cept for some dense green patches on other- 
wise colorless leaves developed from L-I. 
Sometimes whole leaves are derived from L-I. 
Such leaves would have an entirely normal 
green appearance. When internal growth from 
L-I replaces L-II only, then L-II replaces 
and eliminates L-III. In that case the margin 
of the leaf appears normal green; the palisade 
layer contains normal chloroplasts; and the 
central green area is taken over by colorless 
tissue. Since the colorless central tissue is 
overlaid by a colored palisade layer, the col- 
oration appears dull, (Figure 84 and Fig- 
ure 9P-T), instead of normal green as at the 
margin of the leaf. 
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